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The effects of injected estrogenic and androgenic preparations on
the weights of various organs in normal and castrated rats have been
studied extensively.3' A pronounced increase in renal weight fol-
lowed some of the hormonal treatments employed. However, no
information was given concerning the nature of the relative renal
hypertrophy, since only weight changes were reported. In this
laboratory a marked renal hypertrophy, in many instances unaccom-
panied by evidence of hydronephrosis or infection, was observed in
micewhich had received prolonged treatments with testosterone pro-
pionate. The frequency of complicating renal changes in these pro-
longed experiments necessitated a more critical study, not only of the
absolute and relative renal weight changes but also of the mechanism
of the renal enlargement. A report of renal hypertrophy in female
mice receiving testosterone propionate has recently appeared.5 The
results to be presented here agree in many respects with the previous
observations, but the histological study has led to a different inter-
pretation of the mechanism of renal hypertrophy following the
administration of testosterone propionate.
Materials and methods
Young male mice varying in age from 30 to 100 days were used through-
out the experiments, but the animals selected for each group were of uniform
age and weight. They were predominantly third-generation hybrids of the
C57 and NH strains, although a few were from pure NH and C12I strains.
All groups received a standard diet of "Nurishmix." Since all the animals
responded similarly no attempt has been made to separate the results for the
various strains.
The hormones,estradiol benzoate, estradiol dipropionate, testosterone,
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TABLE 1
RENAL AND BODY WEIGHTS OF MALE MICE RECEIVING ESTROGENS AND ANDROGENS
Treatment Av. Av.,kidney 0
_______________ No. Av. body tota wt. in mg. increase
Total Total Days of wt. gi. kidwy A inrelk-
estrogen androgen on ani- g wt. v. body tivekd-
Y mg. expt. mals InitialIAutopsy in mg. wt. in gm. ney wt.
A. Pubertals receiving 16.6Y estradiol benzoate and 1.25 mg. testosterone propionate weekly
0 0 30 12 17.0 22.0 311 14.1 ......
66.4 0 30 12 18.3 24.1 343 14.2 0.7
0 5 30 12 18.3 23.5 446 19.0 34.8
66.4 5 30 1 0 18.3 23.2 467 20.2 43.3
B. Immatures receiving 16.67i estradiol benzoate and 1.25 mg. testosterone propionate weekly
66.4 0 30 12 13.9 18.5 276 15.0
0 5 30 12 15.8 20.3 426 21.0
66.4 5 30 11 15.0 21.3 469 22.0 _
C. Immatures receiving 16.6Y estradiol benzoate and 1.25 mg. testosterone weekly
0 0 - 30 12 11.3 16.0 216 13.5 ......
66.4 0 30 12 11.5 16.0 224 14.0 3.7
0 5 30 12 11.3 16.2 252 15.6 15.6
66.4 5 30 11 10.8 17.8 275 15.5 14.8
D. Young adults receiving 50A. estradiol dipropionate and 1.25 mg. testosterone propionate weekly
0 0 - 30 11 21.0 22.4 336 15.0 ..
200 0 30 9 20.7 23.2 356 15.3 2.0
0 5 30 12 20.8 24.6 504 20.3 35.4
200 5 30 12 20.8 24.7 579 23.4 56.0
E. Young adults receiving 507Yestradiol dipropionate and 1.25 mg. testosterone propionate weekly
0 0 60 10 26.0 26.3 341 13.0
400 0 60 10 27.6 22.8 363 15.9 22.3
400 10 60 6 26.0 26.7 626 23.4 80.0
and testosterone propionate,-used in these experiments, were dissolved
in sesame oil in such concentrations that the weekly dose for the
various groups (Table 1) could be given subcutaneously in a single injection
of 0.05 cc.* Other mice were given sesame oil alone. The experiments
were terminated after periods of 30 and 60 days. The mice were weighed at
the start of the experiments and again previous to autopsy. The kidneys were
* The estradiol benzoate (Progynon-B), testosterone, and testosterone propionate
(Oreton) were supplied by Drs. E. Schwenk and M. Gilbert of the Schering Cor-
poration. The estradiol dipropionate was supplied by Dr. E. Oppenheimer of Ciba
Pharmaceutical Products, Inc.
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weighed immediately after removal. In order to obtain a more satisfactory
basis for comparison, the relative kidney weights have been computed in terms
of milligrams of kidney per gram of body weight.
The histological observations are based on material fixed in Bouin's fluid
and stained with hematoxylin and eosin, and on material fixed in formalin
followed by potassium dichromate and subsequently stained for mitochondria
according to Regaud's technic. The relative amounts of renal cortex and
medulla were studied by means of camera lucida drawings from frozen
sections.
Kidneys from animals in group E (Table 1) were dried to constant
weight in an oven at 1100 C. These kidneys had been preserved in formalin
previous to the dry-weight determinations (Table 2).
Results
Therelative renal weights of mice receiving estrogens alone were
in each instance slightly above those of the controls, while an eleva-
tion of as much as 35 per cent in comparison to the controls occurred
in animals receiving testosterone propionate. Animals receiving
estrogen in addition to androgen showed a slightly higher relative
renal weight than did those receiving androgen alone.
The high relative renal weight ofthe animals receiving estrogen
in group E was due mainly to the decrease in body weight of these
animals during the course of the experiment. It is interesting to
note that when androgen was given in addition to the estrogen the
body weights were maintained.
Relative renal weights averaging as much as 80 per cent above
the controls, as obtained in the last group, can be correlated with the
increased duration of the experiment. The greatest degree of hyper-
trophy has been in animals which received testosterone propionate
for prolonged periods of time, the largest pair of kidneys weighing
1.5 gm. These animals have not been included in the table, since
they were from other experiments and had received various types of
treatment.
The results in group C indicate that testosterone in the amounts
used was much less effective than was testosterone propionate in
producing renal hypertrophy.
In Chart 1 the data have been segregated according to the hor-
mone treatment which the animals received, and within each group
the animals have again been classified according to their relative
renal weights. The animals listed in Table 1, C, have been omittedYALE JOURNAL OF BIOLOGY AND MEDICINE
from this chart since, as noted above, testosterone in the amount
given produced only a relatively slight hypertrophy and would,
therefore, tend to obscure the clear-cut effects observed following
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CHART 1. Distribution of relative renal weights in male mice receiving estrogens
and androgens.
treatment with testosterone propionate. It is evident from the chart
that all of the relative renal weights for animals receiving estrogen
and testosterone propionate in combination are above the highest
relative kidney weight in the control group. The mean for the
estrogen group is slightly higher than that for the controls and,
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similarly, the mean for the group receiving estrogen and testosterone
propionate in combination is slightly higher than for the group
receiving testosterone propionate alone. This suggests that the
slight enlargement resulting from estrogen alone is additive to that
following testosterone propionate.
Table 2 summarizes the results of dry-weight determinations
TABLE 2
PERCENTAGE DRY WEIGHT OF KIDNEYS FROM YOUNG MALE MICE RECEIVING
ESTROGENS AND ANDROGENS
Kidney weights
inmg. %dry
Treatment Fresh Dry weight
245 59.4 21.9
159 38.0 23.9
Controls 175 44.8 25.6
200 46.2 23.3
Av. = 23.7
Estradiol dipropionate 217 46.8 21.8
0.05 mg./week 151 35.9 23.8
for 60 days 244 53.6 23.2
195 45.5 23.3
Av. = 23.0
Estradiol dipropionate 286 64.0 22.4
0.05 mg. /week, 253 66.3 26.2
Testosterone propionate 283 67.0 23.6
1.25 mg. / week 330 69.8 21.3
for 60 days
Av. = 23.4
performed on kidneys from animals listed in Table 1, E. These
percentage dry weights are of the same order of magnitude as those
obtained by Jackson and Levine2 for normal and hypertrophied
kidneys in young rats. The results in Table 2 show that the per
cent dry weight of the hypertrophied kidneys is not significantly
different from that of the controls. This eliminates the possibility
that the increase in size was due to the accumulation of fluid with
low solid content, and indicates that the enlargement is a true
hypertrophy.YALE JOURNAL OF BIOLOGY AND MEDICINE
Fromthehistological study it would appear that the hypertrophy
involves all elements of the kidney. Although reconstructions were
not attempted, camera lucida outlines of the cortical and medullary
areas seen in sections at various comparable levels in kidneys from
each group did not indicate a significant change in the relative extent
of these two regions. A comparison of Figs. 1 and 2 with Figs. 3,
4, 6, and 7 indicates the increase in size both of the cells and of the
tubules in the cortex of the hypertrophied kidneys. Hypertrophy
of stromal elements was not observed. Mitotic activity was not
observed in any of these kidneys nor in a few not listed, which were
removed after 10 and 20 days of treatment. This would seem to
minimize the role of hyperplasia as a factor in producing the
observed enlargement.
In the kidneys of animals receiving testosterone propionate a
portion of the normal squamous epithelium of Bowman's capsule
was replaced in many instances by cuboidal cells, continuous with and
cytologically indistinguishable from the epithelium of the proximal
tubule (Figs. 3-7). Glomeruli with a thickened Bowman's capsule
were also found in the kidneys of the control and estrogen-treated
mice (Figs. 1 and 2). In this respect the experimental animals dif-
fered from the controls only in the increased number-of glomeruli
involved in the thickening and in the extent to which the squamous
cells had been replaced. The transition between the squamous and
cuboidal cells is comparable to that normally occurring at the junc-
tion of Bowman's capsule with the proximal tubule (Fig. 5). In no
instance were isolated groups of cuboidal cells found in Bowman's
capsule; the thickened areas have always been continuous with the
tubular epithelium. Complete involvement of the parietal lamina
has not been observed in any glomeruli from animals listed in
Table 1. Squamous cells always persisted around the vascular pole
and continued over the glomerular tuft. However, in animals which
had received large amounts of testosterone propionate over long
periods and in which the kidneys had attained a combined weight of
one gram or more, the parietal lamina was sometimes found to con-
sist entirely of cuboidal cells (Fig. 6). Cuboidal cells have not been
observed in the visceral lamina.
A cytological examination of mitochondria in the cuboidal cells
found in the thickened region of Bowman's capsule has shown no
difference between these cells and those normally appearing in the
proximal tubule. In the thickened portion of the capsule the mito-
498FIGS. 1 and 2. Untreated male mice. Cuboidal cells frequently occur in the parietal lamina of
Bowman's capsule in continuity with epithelium of the proximal tubule. Formalin, potassium
dichromate, Regaud's hematoxylin. X 210.
FIGs. 3, 4, and 7. Renal cortex fromn animals receiving 16.6'Y of estradiol benzoate and 1.25
mg. of testosterone propionate per week for 60 days. The range of variation in the extent of
capsular thickening, as well as enlargement of the proximal tubules are shown. Technic as above.
X 210.
FIG. 5. Glomerulus from same animal as Fig. 3. The cuboidal cells in the parietal lamina
are indistinguishable from cells of the proximal tubule. Technic as above. X 420.
FIG. 6. Section of renal cortex from animal receiving 2.5 mg. of testosterone propionate
and 16.6 y estradiol benzoate per week for 431 days. Cuboidal epithelium has completely replaced
the squamous cells in the parietal lamina of Bowman's capstule. Bouin's fluid, hematoxylin anld
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chondria are of about the same size and number and present the same
apico-basal orientation as found in cells of the proximal tubule
(Fig. 5). The transition from cuboidal to squamous epithelium
involves a few cells of gradually decreasing height and in which the
mitochondrial elements are graduallylost. Although a brush border
has been observed on the free surface of the thickened epithelium,
the preparations were not favorable for a critical study of the cell
surface in the transitional zone.
Discussion
From the evidence given in this paper and that presented by
Selye5 it is quite clear that testosterone propionate produces marked
and readily duplicable hypertrophy of the kidneys. However, the
findings here presented differ from those reported by Selye in that
evidence of a characteristic regional hypertrophy is lacking, unless
the altered parietal lamina of Bowman's capsule should be so con-
sidered. Since no significant differences in the cortico-medullary
ratio were apparent in any of the kidneys, regardless of the treat-
ment received, and since no mitoses were observed even in those
kidneys which showed the greatest enlargement, it seems probable
that the enlargement is due to a general hypertrophy without hyper-
plasia. It should be noted, however, that the mice used in the pres-
ent study were mainly hybrids, while those used by Selye were from
the "dba" strain and "stock" albinos. This may account for some of
the differences in the results of the two investigations.
It should be emphasized that in all animals, except those receiv-
ing estrogen in group E, the increment of body weight was not
appreciably altered by the hormonal treatment. This is important,
because a higher relative renal weight could result either from a
hypertrophic response of the kidney or from an inhibition of growth
or regression of general body weight. The data presented in Table 1
demonstrate that the higher relative renal weight in the experi-
mental animals represents a hypertrophic response by the kidneys to
the hormonal treatment.
The source of the thickened cells of Bowman's capsule cannot
be definitely established from the available data. These cells are
cytologically indistinguishable from those of the proximal tubule.
This fact, together with the absence of mitosis, suggests two possi-
bilities: either the epithelial cells of the proximal tubule enter the
capsule by migration and gradually replace the squamous cells as theYALE JOURNAL OF BIOLOGY AND MEDICINE
latter degenerate and drop out, or the parietal cells themselves
undergo metaplasia to a type indistinguishable from the tubule cells.
The first hypothesis seems the more credible; for if the thickening
ofthe epithelium were a result of metaplasia it seems likely that local
capsular thickenings which would not be continuous with the tubular
epithelium would occasionally appear. Such local thickenings have
not been observed. The appearance of cuboidal cells in the parietal
lamina of Bowman's capsule in the normal mouse kidney lends
further support tothe interpretation that thethickening in the hyper-
trophied kidneys represents an extension of the tubular epithelium.
It is interesting that the thickening of Bowman's capsule was
observed by Selye in only those animals which received testosterone
propionate, while we have observed this condition in all of our con-
trol animals. This might be explained by the fact that Selye's
study was based entirely on female mice while we have used only
males. It is possible that the endogenous androgen may have been
responsible for the thickened Bowman's capsules in our controls.
Gorer' has, however, described such a condition in a normal preg-
nant female and in old males of the CBA strain. Gorer apparently
interprets this as apathological metaplasia of the capsular epithelium
and possibly associated with ageing.
Addendum: Since this manuscript was submitted for publication, Crab-
tree (Science, 1940, 91, 299), in a preliminary statistical study, has called
attention to a thickening of the parietal lamina in normal mice of both sexes.
This would appear to be comparable to the thickening observed in the control
groups for the present experiments.
Summary
1. Administration of estradiol dipropionate and estradiol ben-
zoate to male mice is followed by a slight increase in relative renal
weight.
2. The kidneys of male mice which have received androgens or
combinations of estrogens and androgens are greatly hypertrophied;
however, the combination is slightly more effective than androgen
alone.
3. Testosterone propionate is much more effective than an equal
weight of testosterone administered over a comparable period of
time.
4. Extension of the tubular epithelium into the parietal lamina
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of Bowman's capsule occurred frequently in the kidneys of the nor-
mal youngmale nmice used in these experiments.
5. In the hypertrophied kidneys an increased number of glo-
meruli show a thickening of the parietal lamina, as well as an
increase inthe extent to which the squamous cells have been replaced.
6. The enlargement of the kidney in all cases appears to be due
to a general hypertrophy with no indication of hyperplasia.
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